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DETERMINING RESIDUAL GUM CONTENT OF BAST FIBRES 
C.J. Hurren, S. Lecomte, X Wang 
 
ABSTRACT 
 
The measurement of fibre quality in bast fibres is related to the amount of gum (lignin, 
hemicellulose, wax and pectin) left in the fibre after the retting process. Large amounts 
of gums present represent poor separation of fibre. Efficiency of retting can be 
monitored by measuring the residual gum content of the retted fibre. 
 
This paper investigated the use of ultrasonic vibration combined with chemical retting 
as a pre-treatment to improve accuracy of traditional residual gum content test. Work 
was conducted on chemically retted hemp fibre. Pre-treatment conditions were analysed 
by determining the best chemical combination, chemical concentration and treatment 
time. Fibres were examined for successful separation using optical microscopy and 
optical fibre diameter analysis (OFDA). The work proposed a new method for 
determining the residual gum content of hemp fibre. 
 
1. INTRODUCTION 
 
Bast fibres are obtained from the bark of plants. In contrast to cotton, where each fibre 
consists of a single cell, hemp fibres are arranged in bundles. Fibres are bound together 
by gum (lignin, pectin and other mixtures) [1]. To extract the fibre from the plant a 
series of processes must be undertaken. These processes include decorticating, retting 
and opening. Retting is one of the most important parts of the separation process. 
 
A major component of fibre quality is directly related to the number of impurities and 
the amount of residual gums present in the fibre. A reduction in the residual gum 
content translates to a reduction in fibre fineness [2]. The removal of gums causes a 
separation of the bundles into smaller bundles or individual fibres. Due to this it is 
necessary to degum hemp fibre to some level before they can be used. [3, 4] 
 
In 1966 Das Gupta et al proposed a chemical method for the evaluation of residual gum 
left in bast fibre after the separation process [5]. This method uses gravimetrical 
analysis of the fibre before and after further chemical separation. The weight loss over 
the further chemical separation is attributed to the removal of all the residual gum from 
the fibre. 
 
In 2002 Beltran et al [2] proposed a method of fibre fineness analysis for the 
determination of fibre separation and quality. Work showed that there was a correlation 
between the residual gum content and fibre fineness, measured in terms of fibre width. 
Analysis of the fibre that had undergone residual gum content testing, by optical fibre 
diameter analysis (OFDA) and scanning electron microscopy (SEM) showed that there 
were bundles of unseparated fibres still present. To determine the optimum separation 
and residual gum content a complete separation of all fibre bundles needs to be 
achieved. 
 
It is important to penetrate all of the fibre bundles with the retting chemicals so as to 
provide perfect separation. Ultrasonics may be used to provide a method for improved 
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liquor penetration. This paper examines if ultrasonic pre-treatment will lead to a more 
accurate result for the measurement of residual gum content. 
 
2. EXPERIMENTAL PROCEDURES 
 
The hemp variety used, Zolotonshka (Ukraine), was sourced from plant lots grown by 
Fibrenova in 2000. The plants were decorticated dry using a decorticator specially 
designed by Fibrenova. The three test samples were chemically retted to varying 
degrees using sodium hydroxide (NaOH) and sodium carbonate (Na2CO3) for 40mins at 
120
o
C. Sample 1 was subjected to 7.5g/l NaOH and 15g/l Na2CO3, sample 2 17.5g/l 
NaOH and 15g/l Na2CO3 and sample 3 35g/l NaOH and 15g/l Na2CO3.. 
 
The experimental work consisted of three different parts. Part 1 was the determination 
of the best liquor for ultrasonic treatment. Part 2 was the determination of the best 
ultrasonic treatment time. Part 3 was the determination of the optimum ultrasonic 
treatment liquor chemical concentrations. 
 
Part 1: – Determination of the best ultrasonic bath liquor was conducted by preparing 
four different liquors. Liquor A contained water only. Liquor B contained 10g/l NaOH. 
Liquor C contained 10 g/l NaOH and 10 g/l Na2CO3. Liquor D contained 10 g/l NaOH, 
10 g/l Na2CO3 and 1 g/l sodium silicate (Na2OSiO2). 200ml of each liquor was placed 
into individual 1000ml conical flasks and preheated to 60
o
C in the ultrasonic bath. 
5.00±0.02g of fibre, for each liquor, was prepared and oven dried at 105
o
C for 20 
minutes. The oven dry mass was recorded. The fibre samples were then placed into each 
of the liquors and subjected to 30 minutes of 40kHz ultrasonic vibration at 60
o
C. Each 
sample was separated from the treatment liquor and rinsed twice. The treatment and 
rinse liquors were filtered with Whatman GFA filters to determine the mass of all solid 
residues. The clean samples were then oven dried at 105
o
C for 20 minutes. The oven 
dry mass after ultrasonic treatment was recorded. 
 
The ultrasonic treated samples were next treated using the Das Gupta residual gum 
content test [5]. The residual gum content or percentage gum removed by the residual 
gum content test was recorded for each of the samples. A total % gum removed figure 
was calculated. 
 
Part 2: – Determination of the best ultrasonic treatment time was conducted by treating 
the fibres for 20, 40, 60 and 80 minute intervals. All of the other ultrasonic treatment 
parameters were kept constant (as per those given in Part 1). The liquor used contained 
10 g/l NaOH, 10 g/l Na2CO3 and 1 g/l Na2OSiO2. After ultrasonic treatment the fibres 
had the Das Gupta test conducted on them. Results were recorded as per Part 1. 
 
Part 3: – Determination of the optimum ultrasonic treatment liquor chemical 
concentrations was conducted using 8 different chemical concentrations. The Na2OSiO2 
concentration was held constant at 1g/l where as the concentration of NaOH and 
Na2CO3 was varied between 5 and 40g/l at 5g/l intervals. All of the other ultrasonic 
treatment parameters were kept constant (as per those given in Part 1). After ultrasonic 
treatment the fibres had the Das Gupta test conducted on them. Results were recorded as 
per Part 1. 
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Mean fibre width (MFW) and coefficient of variation of fibre width (CV) were 
measured for each of the samples before ultrasonic treatment, after ultrasonic treatment 
and after the Das Gupta test. MFW and CV were assessed using an Optical Fibre 
Diameter Analyser (OFDA2000). The samples were prepared by spreading 2mm 
snippets of the fibre onto 70mm glass slides. 5 measurements were made of each sample 
and the average calculated. 
 
Microscopy was conducted using an Olympus BX51 Optical Microscope (OM). OM 
was used to analyse the level of fibre separation after ultrasonic treatment and after the 
ultrasonic treatment/Das Gupta test. Samples were prepared by bonding a bundle of 
partially aligned fibres in a Technovit 7100 (Kulzer) resin. The bonded fibres were 
sliced into 10µm slivers using a Slee 5062 microtome. 
 
3. RESULTS AND DISCUSSION 
 
The results in figure 1 show the percentage gum removed from the three samples during 
the ultrasonic treatment, Das Gupta test and the total gums removed. The ultrasonic 
treatment results by themselves show a general trend in the favour of liquor A however 
as the ultrasonic treatment was considered to be a preliminary treatment for the Das 
Gupta test the gum removal results need to be appraised as a total gum removed figure. 
When the samples were pre-treated with liquor D, the gum removed by the Das Gupta 
test is far higher than that of liquor A. This trend is seen in all three fibre samples that 
underwent treatment with liquor D. 
 
Results for fibre samples 2 and 3 have a flat line in the total removed gum content 
measurements over each of the test methods. The fibre that was used in sample 2 and 
sample 3 had been separated to a higher level with chemical retting than that of sample 
1. Due to this fibre sample 1 was used for the remainder of the work as it shows 
different removal of gum over the four different tests. 
 
The residual gum content results have been confirmed by the mean fibre width results 
(figure 2). Sample 1 shows that it has the best degree of fibre separation when treatment 
liquor D is used. Both fibre samples 2 and 3 show an approximate flat line over the full 
range of the tests undertaken. Ultrasonic treatment by itself had very little influence on 
fibre width. A reduction of one micron was seen over each of the ultrasonic treatment 
liquors. 
 
Table 1 contains the results of the gum removed when variable ultrasonic treatment time 
was analysed. Only fibre sample 1 was analysed using varied treatment times as the 
starting fibre contained a higher level of gums and hence showed better differences 
between each of the treatment times. A trend was seen where there was an increase in 
the gum removal as the treatment time was increased. A peak was seen at the 40 minute 
mark and there was a decline in effectiveness after this point. Fibre width results (table 
2) validate these findings with the optimum separation seen at the 40 minute treatment 
time. 
 
Table 3 contains the results for the gum removed when variable ultrasonic treatment 
chemical concentrations were analysed. Samples treated with 25 g/l NaOH, 25 g/l 
Na2CO3 and 1 g/l Na2OSiO2 showed the highest level of residual gum removal. These 
results are confirmed by the fibre width results (figure 2).  
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Figure 1 – Gum removed during treatment versus test liquor. 
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Figure 2 – Mean fibre width versus test liquor for the ultrasonic and Das Gupta treated 
samples. 
 
Figure 3(a) shows the fibre after it has undergone ultrasonic treatment using test method 
A. Large bundles are still present in the fibre sample. Fibre bundles are also evident in 
figure 3(b), which has undergone ultrasonic treatment using method D; however the 
bundles are not as large as those seen in method A. This would explain why they have 
similar mean fibre widths but method D undergoes a more effective fibre separation 
when treated with the Das Gupta test. Figure 4 (a) and (b) Shows fibre that has 
undergone treatment with Method D and the Das Gupta test. Nearly all the fibres have 
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been separated into their individual components however there are still some fibre 
bundles present in the images. As these samples have not been opened before imaging 
these bundles could be further divided if a mechanical opening was performed. 
 
 
Figure 3   (a) 100X     (b) 100X 
 
 
Figure 4   (a) 100X     (b) 200X 
 
  Ultra sonic bath Das Gupta Total 
time (min) 20 40 60 80 20 40 60 80 20 40 60 80 
% gum 
removed 2.20 2.81 2.22 2.78 18.87 24.66 22.26 23.5 21.07 27.47 24.48 26.28 
Table 1 – Gum removed during variable ultrasonic treatment times. 
 
Starting Fibre After Ultrasonic  After Das Gupta 
    20 40 60 80 20 40 60 80 
MFW (µm) 21.13 19.81 19.87 20.66 19.70 14.84 14.84 15.47 15.38 
CV (%) 71.16 62.69 61.11 62.21 61.03 43.62 44.24 43.93 41.39 
Table 2 – MFW and CV for fibre subjected to varying ultrasonic treatment times. 
 
 conc (g/l) 5 10 15 20 25 30 35 40 
Ultrasonic treatment 
 
% gum 
removed 
1.87 2.38 1.96 2.23 2.29 2.89 2.06 0.32 
Das Gupta treatment 
 
% gum 
removed 
18.46 18.49 17.65 19.24 19.77 17.25 16.43 17.00 
Total gum removed 
 
% gum 
removed 
20.33 20.87 19.61 21.47 22.06 20.14 18.49 17.32 
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Table 3 – Gum removed during variable ultrasonic treatment chemical concentrations. 
 
 Conc (g/l) 5 10 15 20 25 30 35 40 
Ultrasonic 
Treatment 
MFW (µm) 20.96 21.02 20.19 20.30 20.34 21.04 21.12 21.12 
CV (%) 62.98 62.42 62.80 61.01 61.14 61.11 63.33 64.61 
Das Gupta 
Treatment 
MFW (µm) 16.27 16.39 15.84 15.72 15.69 17.44 17.59 18.86 
CV (%) 47.47 49.04 43.31 44.26 46.15 54.26 54.64 57.82 
Table 4 – MFW and CV for fibre subjected to varying ultrasonic treatment chemical 
concentrations. 
 
4. CONCLUSIONS 
 
Ultrasonic treatment of the fibre before conducting the conventional (Das Gupta) 
residual gum content test results in a more effective removal of gums from the fibre. 
The use of chemicals in the ultrasonic treatment liquor improves the level of gum 
removal and hence the degree of fibre separation. Pre-treatment with ultrasonic retting 
for 40 minutes is the optimum time to achieve the best residual gum content results. The 
use of ultrasonic retting as a pre-treatment for the Das Gupta residual gum content test 
provides increased accuracy in the determination of residual gum content. 
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